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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a circuit performing the operation coping 
with the fluctuation of operational conditions of a semiconductor device. 

SOLUTION: This semiconductor device is constituted so as to include a detecting 
circuit 4 outputting operating charactristics of an internal circuit 2 by first signals 
(&phiv;l', &phiv;2') including phase information, a wiring 5 for supplying a prescribed 
power source voltage (Vcont) to them, a circuit (F/F or the like) which detects a 
detection voltage corresponding to a phase difference by receiving the first signals and 
outputs a detection voltage corresponding to the detected phase difference and an 
amplifier circuit 7 which compares the detection voltage with a reference voltage and 
outputs a voltage corresponding to the difference to the wiring as the prescribed power 
source voltage. When the internal circuit or the like are made to be CMOS circuits, the 
prescribed voltage may be used in the controlling of their operating power source 
voltages, their operating currents and their substrate voltages. Then, when the reference 
voltage is made to become constant with respect to manufacturing conditions or the like, 
the operating speed or the like of the circuit can be made constant. When the reference 
voltage is made to heve a desired dependence with respect to operational conditions, a 
desired circuit operation is obtained. 
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;^ntiJ;l/i. T/it)-^. CMO S-f >/N'— ^©iSg^ral 
t d(±. ^Jtc^K/gBTfe-SMOS h^>-:^7«^'©y— 
hgLg. L#l.imjEVT. y-hKfbM^lt ox, 5^ 

(1/ (Vet) ) • T'-' 

••• (1) (O 

wm^tm'»W}i¥f^f3.a<DWji^Vim\z^r) , ^f-^rfo^ 

^Wti^Ws. -5 «e> fc 4 U -5 MS^Ki * -5 1 ^ fi^ ffla«<^> 
^ Id I - ?t b T t) fg ^ - ^ fC » o ;i t T= # -5 . 

[0 0 2 4] fi*5, SC;(l)lc43tiTtt, P/Ni^5^-\'^ 
;i'©MOS h5>i^X^'-e, ^t®UTLg, VT, to 
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t ... > ( 5 ) 

7 

^ictt. (1)3SJ:0 
(Vc.T -Vt)ocT' ' 

(Vc, -V,)ocT' 

n>l. 5 

i:-rn«J;li. 10 
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bTt), VcTttl^S (B) ©J^ptCftOfH^nSWC, 
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Mos h7>>'x5'T,,, N^-v^juuos h'^y-J::^ 

<fd:o, «sit*/jN$<-r^i:i^««ii<3i^., mm^m 
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tZ. Lg, V,, tox, 1/^0. T. CL*«:*:€r<;4 
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s?;^ ^ ©y- h «r«w»-r -5 Vc . , , • ttfttii[35> e its nffi 

[0 0 3 2] **Jg0<JtId;tl{S. lHlKWfiif^m»S«JS 

«m35»^ii;gEfitii&*ti. Vc,,T, VcT'ttMosh^ 
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1 S<^>3liSfi«HctJtiTtt, MOS h7>>'>^3'T,, , T 
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^^^xmrn^mcomm^m-DDR i vsriiaiPiKtciJir*^ 

[0 0 3 4] HI 2 (A) , (B)tt, HliroaWffi 
^CMOSCR^Tii5^i&tBt»-ei&-5B i CMOSOlg 
II)lHlK«C®fflLfc0iJ-C*-5. J:<aetlTt/»-5J;^lc:B 

iCMOSTJi, MOS h7>v'X^'JCJ;0/W7j?-7 

-5 ^^>v'X^T•^ir1lL.Tm^^S«S•ffili)-r•2.. Lfc 

d^-pT (A) <D^oiz-^—7.n,m^m^-t^z.iiiz^io 

BKwaftSrSWfflT^S. HI 2 (A) lZiSl,^XXi] I 
Ni>^&U^JUtfS.^tpMOSTf,, nMOST,.*i:i- 
>. nMOST,,, Tk., T,,7bi:tyt^, -^^i^^. 
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B i CMOSlHlK(DjSSS:$!lW-r-5tCti. S 10 
1 1 fC^O^TDR I V©gCiJ-i£:S 1 2 (B) <D^o\zm 
m\'B i CMOS|5lKTB**^;^Tt>J;^i, 

(A) ©MOS N^>>?X^T,,. T,,-C 
^t^^fctb. 012 (A) Oi3»C'<;-X@SitC0^^£$i| 

tzn. DR I VrtOMOS h^>>'X^$^/jN^?<T^-5 

■2.. -r/ji^^-^MS^miSfd^C^^fcifeiSM^bTiST^rs. 

(0 0 3 5] Bll l<DcJ:^(rmiS^C|[E!lliI!%^<:0|!g(CM 20 

OS h^>>?X^'^Jf ALTm3ii^*«fflI'r^;?rffi«(lfilC 
felSffltr^^. 01 3«A:^firtiJ:OiS(/^m:^3Jirt3<£^ 

-^Xi] I N;{)tSS«&V, {rfiStnMOST,, S:j1LT 

F (onmtVA - Vr , , . o«fi[i;fS^. ;^:iiT-Edi<S« 
fi[{CJi-5i, pMOST,,*i:j->LF(7)Sfi:ttV, tft: 
-5. c:OiK*pMOST,,*<3r7, nMOST,,**:t> 

lC±#-r-5Bt. A, C©^fiC«V.T*-&©T, T,,« 30 
:i-7T»-5<DTF*^^C ^s^SSdi jSEtiJ F (OmiSiifiT 

fi:fc;^j:-&iT,,A^^>L., Ffe I Ntl^lJiSm^lcfCifS: 
■S. c:©iK^T,,dt;t>. T,,3{»t^7b, Ui:^OUTdi 

{C^C-5*TCD^P4 tcE*^St,:»tF©iiS«fi[ttV, -Vr tw 

OUT tc 1 1* * ?>mmm^r^m^ 

t<Dtztb\z\ti Nii^m.mzrj.^iimmzE^t& 

[0 0 3 6] m±(D^'^\zmi ScomMMiZJumt. A 
:^ I Ncojirtiv, ^i^Jidi v, tc^J^f-S c: 
CC0i:#, MOS H7>v'X^'T,, , T,, tc<t OmgS^S: 

■7- K K^-f /\Vd;t'A:»jmEEJ;<9igt^ai:'3m)ES:^-5fc 
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mmr^ittf><r>i&<DMi&m-i;$,i>, ^^mmma, eh i 

iz:t5n^mmmmm(OMos h^>':^7.^^om.mmtj 
^mi>^o\zy ■S'^m^i^tzm-Q^^, 01 

5 {w:fe<riTA^«EE*iii5 U'^Jl't&S t p MO S T, , . 
T,,*«:*-7. nMOST,,. T,. *«sh>-r-S. JlOlK 
H:. pMOST,,<Dy— h«Vc<,,T tT^tO, nMOST 
..coy- h«0 Vi:;a:-5. CtlfCJ; 0 T,, di:t>T,. 

UTtB* tcfi Vc. , , TmMOfilC^»Stlfc«SS*< 
85nmiSfSr^S-rs. A^'J I N*tfiU'>c;Hc;5:-5ta*»C 
T,.*^:^^, T«.*<:t>UTSScmiflf^*iS&S 0OUT« 
OVt-4-5. C:©t$T,,<^y- h«ffttVc.,t'T* 
SCOT?, Vc.,,tCJ;0ttmO3SSfe*«»T^-5. *^Jg 
0iJ-eii, mj!liffi:'3©rBl(C2t3©MOS h^Vv'X^'** 

is^jds^^n^. z. Li)^t£.^^rztbi^mw3mzmi^x^^ 
X. mmizmmvtztzxDh^yi^T.^cow^^m 
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-^SEEv I iz^ommittititzm'F^fsmzwji^tiit 

[0 0 3.8] 01 CMOS'f >A'-^'©tbf^itS 

r,*5<tZ^T,,(7)S«SBP 1. SEN 1 CD«ffi^$!|ffllt- 

[0 0 3 9] 0 17T«, CMOS-f >;\*-^l'OI,iT 
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[0048] 023«0 21<!:0 22 i&m*--&-e-/t3ISg 

mx$>^o :^mmmiz^tnimi i~0i 3, 015, 
01 8~0i 9fflov.,,,. Vt,»r' ^mmiz?t±x 

[0 0 4 9] 02 4ttP^-^^;UMOS h7>>'X3'T 

T. Vc,,r^^^vrzmmmx-s>i>, ^^mmiz^n 
it. p. Nm^-v^)i'Mosh7>-:^:k^<Dm7t^W. 

U;tA«oT, 0 7~0l ocDVc o N T ^^ElKtbT 

[0 0 5 0] 02 5(t02 4<Dtts:^(=. mmis7 tm& 

Vci = V.//5 

[0 0 5 1] 02 6^i^m^sfiIcc(D:a^^&^ll^st(io— 
o■T?^b•5. ll0©J:'5l::^mSgaiCC 1 liStaR, ~ 

.B (R. +R.) /R,0— 5eSEEt;i-5. 
[0 0 5 2] bfc*<-3>T. 

i= [ (V.E • (R, +R,) /R.) — V.e] /R, 
= V.e • R,/ (R, • RJ . -(2) 

[0 0 5 3] *5lig«»J«S%fCl^i]C>TngB*^e. i iimtl 

'^tsm^x$>^rzif). m2 i<D^orj.m^(D^mmmii 

[0 0 5 4] 02 yjiPNPA-f^?— 5 h^>>?X^^ 
<DgttAi0 2 6 tS^c-SO*T?, I!if^«^<l^— i;^ 

«>. **jfi«tt«ismEEv c c*^t. i Aiflgtim-rj^jST 

$>^tztt>. 02 2. 02 4. 02 5©J;3&0KCD)tli 

[0 0 5 51 0 2 8tt02 7 <Dx^\zmmm&t)^^mM 



i.j (8) 

13 

R.. R.. Q,.©i()f^«8Sdi5£SiStrJnSt$n^.PalS<£ 
[0 0 5 6] **ifS«(cj;n«. vc ct^e^mm^^n 

T^-S.. 10 
[0 0 5 7] 02 9«C:«#SSrffi*^LT, mz^nm, 

[0 0 5 8] 0 3 0 2 6 .<D^«SSJSC C 1 

>h57-lHFK»cJ:t). Vc c*^e.«Sg*iSgnHi-rJgfi£ 

CCCDffl:^«85 i tl^-fiCD«i!gSr«S«EEVc 20 

c*»ensctcaj:^-r-i)c:<t*i-c^-5. cn^E2 2ti^ 

Tf.tT,.' ©^SJt^jgSlCS^j:tlCj:0. CC© 
■5. 

[0 0 5 9] 03 1«. S3 GfC*>t^TT,. tCCCJ; 

W-C*-5. ^iliSg'JfwJ:*? Vco.T. Vet* S'lg^fc^ 

^ iilfiX^. ® 2 3 <hi^«tC^#©!!#i4*S^tt 30 
J; < IW1iT^S^#fi*Wr-5. 

[0 0 6 0] 0 3 2l±MOS h5>-:^X^'*fflt>T. iS 
[0 0 6 1] T,..~T,.,tiN?-\'*;i/MOS 

ti. R.,~ R.,«ffitn:. 7l*lli(iJti|§g§T-*€.. 
[0 0 6 2] :LZ.X. R.., R..<Offl, *5J;D;t,.,, 
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T,. , ic8sn-5m«^t**stiic^ L <;is-5 J: 5 j'Siff r 

■5. Lfc*i-:?T. T,.,©y-hmffiV., T,.,tT 

[0 0 6 3] ti±<^)|HlKIC*5tiT. T,.,©KU'f>*5 
i = V,./R.. (3) 

[0 0 6 4] *iiigtaj«. tctA.\iS.mz \<Dm.^M.cc 
\zm^^^fAE^%y&m<D^m.m.m.iivx.m^^^^t\zii 

[0 0 6 5] *^Jfifia|CJ;*l«, A-f#-h^>i?Xi' 

Mos h^>i^7.^xm^^ntzmm.m^\zf^mx$> 

[0 0 6 6] @ 3 3 (^0 2 1 --0 2 5 ^^XSM 3 0 

3 1 ;^it*cD^«tsa:LT. ib\zHmti.Mmm^^^vx 

[0 0 6 7] i^0ICt5ViTQs.~ Qs.ttAW JJ^-^ h 

feOjtaSiE i *fP«c:4:*s-T?€r«. )6:*3. i 5 1 

Rs, SrSSn^mSS. 1 5 2«A*-1'#-5 b^>>'X^Q 

jf?-7 h5>>?X5'©nU-i'^'||gi£(ct!^'^T'<— X«git 
[0 0 6 8] 



V,, =V,E (Q,,) + li 



Rs.+V.E (Q„) -V.e (Q..) 



(4) 



dCTV.E (Qs,) . v., (Q.,) , V.B (Qs.) 

Is: = {V.e (Qss) — v., 

® SI 2r S S Cl^:^3J;0/^''f#-^h7>>?X^'Q 

I„ = (1/R 5 4) / (kT/a) 



[0 0 6 9] (A)^\z^\,^xnMiii\t:At:x^t)^n 

[0 0 7 0] 
(QsJ }/R». • • • (5) 

1 . n • • • (6) 



= V.e (Qs.) + (Rs,/Rs.) • 
V.E (Q,,) — v.. (Q..) 



(kT/q) 



1. n + 
• (7) 



f) ( 9 ) 

15 

V,, = V„ (Q,,) + (Rs,/R».) 



n 



(kT/q) • 
• • • (8) 
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m 4 J«tt+-\' >-fe;ur SWT 
1. n 



1, 



10 



(k/q) 

Lfc7&i-S>T (9) iC<fcOffitn[Rs,. Rs.WJtfeL<«. 

i = V,,/R,s 

CO 0 7 21 ^mmm^mzm^rz^mMm(D^mmM 

[0 0 7 3] i|*tCja*l;ig|LTtt, BWtlSDT. «S 20 

[0 0 7 4] sfc, ^nmm<r>n^ft&.v^ , «ss^so 
ssffl;'! i *<^ii;5:«^«-e«ai:^iig^ V c c ^zm^-r 

[0-0 7 51 V,,itm^l:£m2 0©Vc,,,' iUTfflVi 

fflf-r-SCiTi^T-^-g). 30 
[0 0 7 6] cn*tft»<-r>3&^©:^ft:697S:||ig«fyS:*ff 
-h. ^%mtzj;:^m^!^ti.<Dmmmz':3\,^T^^T^ 

®ii»E**<S< 0 . ^gCmEEV c c SlR^fCiE^&SiT 

^-5. ■€-«>J;p;^i«^iwJi. 04, 05. laieco^iS 

^Vc cCDf^t50(Cffll.in(fJ;t,i. C^t^^'&lZ.t 0 40 
Vc c$rSl»nbTfcP=^^(Dfj:titc:^{C{iVc c 

-5. 03 4tt(^gCmffiV, ^flllifc^^lC^CDlilf^ag 
C-Cit. 01 1 iC^^L/tCMOS-f >/\'-5'S:02 1 . 

3 4T«pMOST,, tT,.. n MO S T.. tT,. «;<7 



(av.E (Qs.) /^T)* (R,,/R..) • 
n • • • (9) 

[0 0 7 1] £t±(D|iIKlC*>tiT, Q.,©nU'57;$'m8S 



•••(10) 

,,oy-;;^«£E*5j;c;^msSigcc 2©magmEEV, 

ts.^<o-Q. 'AmzAij^n^m&t>^mzmm-r^:iiz 

V,,,T. Vc..,*^*|lIK3 1. 3 2tt«»CD®KTrt 

[0 0 7 7] ;*:tc04, 05, m3 4^<D^3iz9-yzf 

[0 0 7 8] 03 5«. ±l3«JE^»@K«)«fiK**U 

c c J; ti . ^miEVM s^fg^-r-s. mni 

i&G«±l2«EEVM*ltmLT, l*9g5lH!K2t>Ktt(M 

^IhIKcD— gC3 At;iJ^S;(^j:«EttV, <£*««?iS5 I KtH 
:^t-^. C'T«ffiV, ^mJElHlgSFilirt)SG,i: 
\zJ^-^xm^U^i±'S:hrci±^:iii-/)^X'^i,. m^ltM. 

>»-a5«jig«jEft#tt*Mis-rn«. 0 3 4 © 

jivfji^^naitimni^y c c . umiz^i^-riz—mii 

<tntf. 3£mBElHlKoaj:^SJEV, , SrlirtiSGT:R)fM<0 
[0 0 7 9] 03 6{C^bfc*i6Sfiaj«. 03 5(Ci3l/iT 

mf\jmG^mwi7>-:/GDt. i^muH{z^r:>xm0k 

oym.^h^ t^izm ti lt^z^m&v,, iz^n^^^EEdt 



o 



( 10 ) 



I ) 
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V,0^tl!l€-»jg|5lKH«:ffiLT»jSLTVi<5fc«e). M 

[0080] 037 1^. mS 6<D^mm\Z^i1r 

3 3 iC^LfcmSitjgtXiJtiT/Wj}?-^ h^>i^X^Q 
..COnUi^^SrVc c (C»MLfcl5IgST-3&S. 03 7© 
@KtC*t»Tai:^«JEV,, t-€-Wffl«fe#tt«(8), (9) 

5. 03 61C^L;tSllififfilO:£S£E5S^lHlKFlCfflt4i 

^g®li1Sg|G*'5t.^l3:lll!)T>:/GD. 5§ 

mm^H(Dm.m<^itiz^t>itdv, , / a Tofi^^th-r 

SCi:CJ:t?T, •S£E^»llI»A<DHi:*jm£EV, ©fiS 

*5, 03 7<D|IM*a|tw*3l.iT«. c c dVt-f 

«2flS. 8V<&^ASt«BEV,,ttVc c ttte 20 

■rmt—^tfj.^, Lfc7!)i-:?T**JS«aj^03 5. 03 

[00 8 1] id^T, ^:n*TieiBLT#fcllifi«© 

•^Xl&m&m^ FtLX. 0 3 7 <D*Jg«a|<D J; 5 tC/N'-f 30 
^— 5 h7>S?X^€rffitifcfc05t?tt7S:<. MOSh^ 

frtt, 03 2 (Ct5l.>TMOS h5>>'X^'T 

V,, = R,. • V,/ (R., +R..) 

*«ai*$n. 03 6©MiiiiittJggfcA*$ti«. 

•z>X, 3eSBEElKFcoffi:fjli£E*V, , . SdWi^S I tiffi 

V,, = R,, • V,./ (R,, +R.,) 

t:mrcr^^izt6SiR.,, R,z^fSLmrtntv,=v,, 

XW,,=V,,Lts:r)mmSL5 I ©SEEtt^SOSEEV, . 40 

•C^5tT-5, dClT. ^SBEIlISSFOi±i:/3«ffiV, iSrta 
IB© J: 5 »ca«te#tt*<-t'n Cfj:^ ^ o m^ttHi, ± 

[0 0 8 7] ^c*5. '£>^ici5?i;Tv,.trRifa©iaft&# 

V,. = (R,,/ (R., +R,,) ) • 
V,, = (R,,/ (R,, +R,,) ) • 
U^<DX. CH)^^mrz^J:^i5.tn.R,,. R,,<Dm^^ 
Jin^J;!/^. fztzV. c©Jl^lS(i4)S;i:0^e>d^^tJ; 50 



OGUEY, Journal of Solid— Slate Circuit. VO 
L. SC-15,Jun.'80 

BLAUSHILD, Journal of Solid-State Circuit, VOL SC- 
13,Dec.'78 

iztEm.<D^m&^^m^rj. f^rffl imtij; i.^. 

[0082] 038 036 lC:^(t-i>MMiilt]l5l%G 
D ©*flc W JJclliS09-e J& -5 . 

[0 0 8 3] 0 3 8 (Ct3 tiTfi. I , iC^Sff HiS 

Fcotii;^;mEV,,3&t, I, lc?5®|5iK©Ui;^«JEV 

*5, 06lZ*5ltSP?-\'^;i'MOS h7>v'X5'*07 

[0 0 8 4] fS-H. 03 8, 03 9©SibT>:/®«8g 
0. 04 l©J;'5»Cie©MOS h^^i^X^TSISt" 

T,.,, T,,, ©y- NSr I , tzS^Lfc. V, , «H(ria© 
J;5CVc c iC^bT— ^ffli:/j:-5©T?c:©J;-5tC-r-5 
tVc c {CMLTT>-:/©mS5^£:— ^lC«S-:?d<t*iT# 
S. $&l'T>y©#tt*^^fC^IW-r-5ig^S*i365« 
^Ctt, 01 8~0 2 OlC^LfcJ;3*tlH!K*fflViT« 
>«r ©$!l»Srff /4 -5 C <h fcT^S. 

[0 0 8 5] 04 2H. 03 6{C*3tt'5»aiHlKH©:^ 
#:«3S:^iS«»l bfc fc ©T* 

[0 0 8 6] 042 {C43liTtt. ^{VtS 5 I ©«)EV, 

•••(11) 

:^Ufctr»R»fa©Sff*V,, iL-T 
•••(12) 

[0 0 8 8] 04 3». 03 6lC;^(tS^3iEl%H©M 
©SUfiMSr^Ufct)©-?**. 04 3©Jlifi«a|{3*jViT 

>>'x5'Qg 1 (o^-xnmizmmvrc. L.fc**-:PT/\' 

fcje), 04 2 J:OSefCiSjil!)ff*i||iHT#S, *)S:G 
D©fti^«Sitt>li«-e#-5. 04 31C:*5U»T»(11)5S;. 
(12)SCtt&>!r 

(V, -V„ (Qg 1) ) •••(13) 

(V,.-V,s (Qg 1) ) ••• (14)i: 
OiZ. 



i 
19 



( 11 ) 



V,, = ( ( R,,+R,,) / R,,) • V,. +V.e (Q..) 

av,./5T = ( ( R,, +R,,) / R,,) • (av,,/aT) 

+ dV,t (Q,,) XdT ••• (16) 
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10 
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(16)«;Slfc-rj:51CStf-mtfJ;<. 5V,./aTSrif 

[0 0 8 9] iit±OJ;5fj;lHlK$rfflt.^-5<hmig« 
ffi (Vcc) *i3a:*clC/i-Z'fci:LTt>. aj:'jmBESrVc 

[0 0 9 0] jlS®*«lHlKT-tt, S^ISiilScO^ 
T- 1 1> iSfcPlcD^^ LB^i h ^ >5;x ^ ^HJXaic^-:? 

mnum^^mm-r^^o t)-ri^izm^m& 

S§tc+^i-;^x->'>^^«ffdi»Dt3e.fj:ti3BnAt*S. ^ 

3fe-r-5«£EV, Sr. ^tSBSjgSffiV c c d<ja«ic:*:^ < 

tt, ^1.a«S«BE V c c d«Vc , *^ e Vc e * rtgB!^ 

VcE = V,.+V,E ( Q...) +R, 

■r. 

ii. = V,./ R... 
Vc, = V,,+V,e ( Q,,.) 

Tfso, Vc,tii±fcvc c*t±#-r«tv, tt:^]a:tcts 

V, = Vc c— R,,, • i ,,— V, 
= Vc c— (R,,,/ R,,,) 

&.±(D^O\Z:^mmmiZ^tHt. ^I-SBSBEVc cAWc^ 40 

5Vce/5T = ((?V,./aT) + (aVc.t ( Q,,,) /aT) 
+ ( Ri.,/ R,,.) • (5V,,/5T) •••(21) 

— Vcc > VceTwv, cDa«te?¥tt« 

aV,/5T = ( R.,./ R.i,) • (5V,,/aT) 

— (av., ( Q,,.) /aX) • •(22) 

t.ti^, z.z.-Q%mm'^yi\zm^2<nm^^m\>^tLii'^ vcc > VceT, 

«(12)a:J;t3 (5V,,/aT) =O(0A dVt/dT = aV.E ( Q.,,) /5T 

5Vce/5T = av.e ( Q,,.) /<9T 50 i^Ui,. 



^SJEV, S— V, . .Vcc E €e;%.s 
tVc cCQ±#lCtt)/j:-^T±#-r-5<kplcLfc. ;i<7) 
.fc'SlCVceeAilCVc cS:±#$-&-5tV, t)±#-r-s 

X->5>^5^X hl^CttVc C*Vce«±fC±tf 
St5^!yyf*9(DlHl!K{CV, , J; OSS^imffS-Jra^-Sdi:** 

[OO9 1104 5(i. S4 4lC*LZtmffi^tti£|^SS 
■t^tztb<Dm:W-mU^mm^mLtLh<D-r:h^. 04 5 
lCi3lt-55t«ElHlK f «. 0 3 7 <D^y&m\Zti\^^X^fl 
a J ©/t'f 7}?— 5 N^>i?X^'©3U'^^tSSB^Dfi!)Pifl 
dSfexR.,, <£ifALfct>®T^O. ^aiirtJSGDi: 
!l§a(5lKH<i:ttS3 6iig«HcSSgL-fc, 
[0 0 9 2] Sit, A'-fTp— 5 h7>>'X^'Q, ,,<D3 
7}?— ^ N^>i?>^^'Q. i.C^— XlCgiK 
b. ilB/'C-fj}?— 5^ h^>>'X^Q,,,OX5>y5'>&M 
PUS UC, nU-i7^S:Vc clcS^Lfc, ^HIKlC* 
t>Ttt. 9V^mM.^EE.V c c di, ai;>j«£EV, (D^^^ 
Vi.CSbfc^. n-f7jt-7 h7>i^>^;^Q,,.*«:i-> 
-r-5*T?«V, liV,,l3^L<— ^T, AW5j?-^h^ 

Vc , it'A^-c^^ ^ n-5 . 

[0 0 9 3] 
■ • • ill —(17) 
[0 0 9 4] 



08) 



( R,,,/ R.I.) V,, 
[0 0 9 5] 



(19) 



'. ( Q.I,) 
• V,,— V„ ( Q,,.) •••(20) 
CO 0 9 61 tC^T. V,.<DaiSrft#<4S-tfDi:^ 
tHx;ti:^®Vc,©ja*fe#tttt, (19)3C<fci3 



\ 

21 



1 



( 12 ) 
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[0 0 9 71 aSVct<7)Sftflc?¥tttt*?|-2mV/'C;tC 



(14)SCJ;0 

av.,/aT=— (R,,/ (R.,+R.,) ) 
i:;a:S<7)T, (21), 



aVc,/5T = (a V.e ( Qi,,) /.3T) — 

( (R,,. • R,,) X ( (R,,, ( R, 
(dVtt ( Q,,) /5T) 



(22)iCi»3 

, + R,.) ) ) 
(23-A) 



Vcc > VceT 



dV,/dT = 



(19)^JJ:0. (R.,i/R.i,) • 
VcE = V,.+V,E (Q,,,) + 
(R,,/ (R,, +R,.) ) 

= (1 + 7?) • V,. +V.E 



y&^EKiL-r-S.. Vrz-fyi-Z>Tm^i^V,c = 6V, V,.=4V 
i:Lfci:^fC«, V.e (Q,,,) = V.e (Q,,) =0. 
8VtLTJ?= (3/8) <h;iO(23-A). (23-B)i:0 

a Vce/^trc^vc c>Vc6T©a Vt/aTtts-**?! 

-1. 2 5mV/'CRZ/*«J+ 1. 2 5mV/'Ct;5:5© 
T)§aiHlKHfC0 4 3 OlHlK€-fflt^fcig^T-fcVcE<Dja 
tfEft#ttRCXVc c>VceTCDV. <DS«&#ttfi*^C 

^•v,.<^)^5S2^gJafil^ci:5.c:t^cJ;■^TVce0^aa!^fe 

• e (Q.,) JiUJ^I^U^it-r-Si (23- OiO jj = 1 © 
t#V„ = 2 V,. ( a V.b ( Q, . ) / a T) 

^ (a v.. ( Q,,,) /dT) i:UTtt(23— A)J:t) 
(aVcE/aT) =Otfj:S. X, (23— B)J;OVcc 
>VctT (av./ax) ^ot^fts. e4±3^-iT$fcJ; 

<D|5lKSrffltifc<l:€rtrt)04 4 ro«BE#tt* ^a<i:^<!:ia 
ftS!ft;S:<lli|-rsc:i*«T?^, Vc c<VcB-t?©®«t 

l?)fPMi®tC*5(.iTt>Vc c> VcE »C*5lt-5X— >7>i/5=- 

[0 0 9 8] Ba!2LfcJ:-5lCV,,lCig:^S{Clt;i;TSSft 
V,-=Vc c -V.E (Q...) 



(R.I, • R,.) / ( (R,., ( R,,+ R,,) ) • 
(a V.E ( Q,,) XdT) — 
(aV.B ( Q...) /dT) •••(23-B) 

( (R,,, ( R,,+ R,,) ) ) *7jt*3<t 
(R.../R.,.) • 
• (V,,-V.E (Q..) ) 
(Q...) —77 • V.B (Q,,) 
••• (23-C) 



3 7«ct5lCQ, ..CDnU'i' 
^^Vc c ir^iggLKO/'C'f TXffll-R, , , tRffSroja 

20 [0 0 9 9] B 4 5 IC*SV»T« V c c> Vc e t * t»T« 

ffll/i/t. LA^L, nMOS h5>v'X;S'T-Q, 
lfeA±l3nMOS h7>>';^^'0'ir*— hSrSg^KtC. K 
U-f V c c IC y-X * E tSSK LT«^-r S d i: fe 

bfcj&ttJT. m-9-yzf(>^(Dmm^^i^\zWji¥^it 

[0 10 1] 0 4 6tiJiie/t<y 7 7lHlK©— ilJgCaj^^ 
LfcfcOTC,,,. C,,,«48^Ns, fWliPigIS 

(Vc c<V,+V.. (Q,.,) ) 
••• (24) 



V,=V, + V.E (Q.,,) — V,E (Q,,,) (Vcc>V, +V,e (Q,,,) ) 

• • • (25) 

[0 10 2] Lfc^iOT, *SIJfi0t|T« 
•••(26) 

50 ]zmm<Dmmm^m^^^^ ii \zi. 0 v, ' ©MSfe^sfc 



Vc c^V, +V,E (Q,,, ) 



O ( 13 

23 

VC C^V.f VrB (Q.ai) 

[0 10 4] MOS H^>>^Xi$^<DL#li«flEtt§^fC 
[0 10 5] ±l5L.fc2t?<D*JS0a-e«. «EEVi A 

^> TisiKoajt^mjEv, ^ < u^f^mm&<Dmm 

f)K (26)^, (27)SC'eS:b^n'5<i:'5t3/\WzH-^ 
OS h^>i?X5^(7)L#l>mJErc:<i:OT©J(BSnTLS 

, ' V c c;5^*<J4. 8 vet±(C7^^;^j:lii:4 V— ^i: 20 

u^ui^K tcDtzifb^mm&v c c\zMT^[H^m^(D 

Um-^IZU. H4 8fC*Lfci;-5;&:A*-/:7TlHlK*ffl(^^ 
n«.i:t.^o 04 8fl. 5 I'$rP^i-:?^;^MOS 
i^T.rS'M 1 4 10FK>l'g^L> ^MOSh^>>^ 

7.i^<Dv—7.^nmmmy c cizmmi^x. y-hci 
<Dx$>^. :icx\ mW)T>^(DXf3^T\z}(t. -^n^ 

:^«JBEV, ' <D$^Wi^m^^rzib<Di><DX$>^o 

V, {C^LV^fittC«;tn^o Lfc7&^OT04 6, 04 7 
CD||JS#iJ«htiS^j:0. ai^'jmffiV, ' ^^l^gUSflEV c c tc 

vc c<Dm^^m.mx^^umf£^n^::tf)^x€^o 
[0 10 6] 0 4 9 (i. m4 8<Dm»mu\Bimm&<D- 

iit&^mK<Dmn^9iQ-r^. &sTx\t. m^pfimu 

/p^mu^)i\z$>^m^\z-:>\^^xmmW}iiF^m 40 

^xi>mmx$)^. ^fz. :$^nmmo)m.miz-Di,^xift. 

VccSrSV, V^^4Vi:VXmm-r^t)^. ffiOSEE 
4^— ^ h"^>>^X5^0'^— X • x^^;/37ajEtt0. 8V 

CCDih^, ^-^5 rc7)^ffiV,*fi4V, /NWtP— 
^ h^>>?X^Q,siO^—xa{4V.,s«til. 6V<?: 
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[0 10 3] 04 7f^0 4 60/W#— ^ h^>vX5^ 
TttVtB (M,,,) SrMOS h^>>^Xi$^OL#li«E 

•••(27) 

So cttPTMOS h^>>^X^^M, «,C0Kl^-1'>mSS:i>^ 
iittlbTV/d«±#LT4 VtC|HlS[-r'5o iStC. V,';^^ 
±#TS<J:Vc«,*,75^±#L. MOS K^>f^Xi5^M,4. 
;$^^:t:7bTVi'«Tl^b4 vtcs^r-So dc-tr 
A-f3R— :^ h^>>^X^Q,5iO=iUi^^'(hVc c (Dm 

X^ffiVaisif^l . 6 V-C^-S/ta^/WT}^-^ 
H ^ >i^X Q, s , tD-^— XS^tS^Jc UU{7 ^^mfi:<fc 

mfi:«V,'-2. 4V, Zl U-^i^^fitiVc c — 2o 4 
VTd& 0 , ®S V, «V c c cJ: 0 <gUiJ3)^Q, s ^ feiSSl 

^f)mmv^m\z^^h^\z\t. 5 ^<^:osi^nsssfE^i 

0:fe^< MOS h^>i^X^^M,s,, M.si, M 
hrt3S:a->«r M,5., M,s7. M,s»J:0:fc# 

<is^L> t^-z^b i'\zmm^n^M^fimm^m\zh 
\z^of)^^nift^\^^. 

[0 10 7] t^:h. 03 5-04 9Ti^^T^fcSJE^ 
^^BimomtlV, XfiV, • ^0 3 4 O|l2g;^j:<i:JEi^1^tr0 
7-01 0<7)VcoKT chbTffl(/iSC<^:t>T^So Saj^L 

fcct^fc. m3 5--m4 9<Dmmm\z^niii. v,, 

OT07-0 1 0(7)(iIg§#14^Vc c, MS I' i T— 

<^-<xmzvc cx\tm.m^mt)mmtu^h^\z\t 
mnx$>^. 

[0 10 8] cn^x\ mi&W}iiF'S:mm-r^M{i^mu:^ 
mz'o\^^xm-<x^rcf)^. :i(Do-^p^S!^m^(Df^{t^m 
fflLTadffliTs^gtLTH, m4 B<D^v{zm&mt: 

x{t:k(oj:o izmnoftrnm^miti i^xmmt^z^mh 

^OZ,ht)^X^^o 

[0 10 9] 05otdL. m2o:>m^itzj:^mi^&^mmM 
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/t;i/X<J>l. <f> 2tofi:t§^Fa^^A t $-;^aiL, cniCfS 
■5. 

[0 1 1 OJ raSTF/Ftt-feU/h • U-fe y h0©7U 

y/yoy:fX'$>*). (t>it<f> 2<Dmr^mM\z^Lf^^/'^ 
;px<i©m#<M*ttJ:/3-r-5. sw, . swR. swsti 

-CSS. £JlT. *llK©ibfP*I^H (B) <fe#figL./i*i 

esiig-rs. 10 

[0 111] sr. <i>l*iA:^J$n-5t<J>l*ttts:t,^n 
-5. cnfCj:0SW,j6i;j->i:&»>. §«C, *t)tflfflt i 
-t:5fe«$tlC,cr)^^ 3 1 ©^ffili^-irtci^-r-S. At 

SW, «;i-7lC^c^, LfcA^:3T, 3 1<omEV,t«Al 

V<tS.^, — C, «<<>RtJ;^TSW.Ai;i->i:7tc^ 
ii^tlfcV.ttt, lt*il§7JcJ:-PT#HB^^ffiV.Er<i: 
0 2CDillffi|#tt<&^p-r«>. 2©|5IKtt. H7~S20 
T^ft-r ^ J: o D . «l?MfC« V, s F ^ V. I 

[0 1 1 21 i^^mmxM. 2<owi^m^^m.mm.iav 

Sd^*-53i^ V.BptUTtt, S3 2. S3 7 0||JfiCS] 
d^ffifflWffiTfeO^fc. i tbT«. 02 6~0 3 3© 

[0 1 1 3]yj:*5. CldTtt. M^2C0mV^^^^<t> 

[oii4]Bi5i(i. 03 <7>^i&0iitcgi 5 0 (DMmm 

-r^rtSeiHlK 2 • W— gRT 2 ©5^5 - 1 LT 4 S^fiE 
ffiTf«^»L. 2©l!if^#tt*lWP-r-5. 2'<hUT«0 

[0 1151 *SIJgfl9|C*5ViTfeS5 Oi:|^»<0^«*t 
[0 116] ;f^j:t5. dnST^'<T€-^IIJS«sl©5-^, 
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^ h 7 > X i5' © n U i7 ^ Jt tit IC i -5 « JEI^ T © J6 

C<Di$»ctt, 05 2<Dj;pJ::, nV'i'^'jg^-* 

2yRl?^ttT. C 1 ^-A'-f #-7 h^>-:;'X3'CDzi 

> v'X ^' * C 2 JcSfi^rn«J: li. il© J: p \Zt^ t/N* 

0. ^2©3Ui'^maom©:«<st»©T. cintMo 

i'^'C0©«fi:J;0!iS<Ji-5Ct*«?a:t>. Lfc*<-:3TA' 

T^2>. *s5is«9i«@i 2jcfse.-rfflt»-5c:t*<-r# 

-5. 

[0 1 1 71 05 3«, JiSEbfc#*SS0lJ*DRAMJr 

[0 118] l^0-eMA«^^:U-lr;PTl/— ;* 
^:U-fe;Hw[C75i2J*:7cWJCffig^nTti-&. PC«7^- 

fcai;t/ $ n^aS'>M^^if Sir >X T > y^T-a5 0 . 
p.. Ni^?-\':^;HvIOS h^>>'X:$'T-«fi£$n-5, A 
B«T HU'XA:^A i n ^rtge«^«^ift-rST H UX 
/tiy^TlHlK, X— De c*. . Y— DecfiDriv. 

U^ir— v'UlE^^llIK, SAD. /SADtt-t>X7 
^T'SAWKftlUK, WCtt5^-^'A:^«^D i 

ii>©«#ji^^^^iai^. ^mm^\t.^m^<JiW}mz-B^ 
i3.n)V7.mn^9vmxtic'E\zfi>cx%^-r^m^. u 
A« I /o«iJi©ig*aiu«^?£«iBr-5pc-f >T>:r 

s. 3«Sjg^fi^. ffiffl^ff;it*©^i&fci£;i;fc(i^^& 
5lcffi:^L, cintiO. #lllK©»f^*^WL.. Iftt 
S:^^<b-r*. &|Hl»tt3©ta:#j5CJ;:3T<W»T^-5 

0 7-02 0©ip;^j:|5iKT:«fiK-rs. 
[0 119] *15IK©l!lfP«, CE*<A:^$n.5i^t 
'JI(lf^*«PiSS$n, A i n*tABtC«J;OTlt«StlX— 
Dec. Y— D e c icM^^tti^^S. -E-©m^lCJt>C 
TX-DecfiDr i v fCJcOTl*©"?— F^W*tjlJ? 
^n-Si:;*^ U-tr;Prt©C s tc^;^ ^nfc^tffi«^?fAi7= 
-^iS»cai:^^Fn5. -€-©ie*5^-:S'll±lc«/hM#*« 
iitjn. S AJCj;01iifg$n-5, Y— Dec&Ori 

o\ztii:h^n^, z.commtMAizii^xmm^ti. d 

ou t tLT^1.a6fCUl:^j$n-5. S^ii*.«jff«WC«r 
:/M^T. ±iai)£©iSKfcJ;0>t^:U-fe;H3«^*tS€r 

[0 12 0] K±©J;p^£^fiKIC*3t,iTa>^©aM©$<J 
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[0 12 1] i-r. lHlK^<tO»f^jSS*5lritt«®S 

[0 12 2] 'Aizm^om^mzmi^izft^CTmmT^ 

«»f^^S <t o^^ffc ^ @ W ir L ;i f, o 

tctsii J: yf.=E>j ±juT u—^<ommmzz){,^Ti± 

«fti:L.T<Ditei&M®i¥$ t ox s ^^mt^^'f-yz^ffiT- 20 
«fe^< -r-SCDi&i— 0 , C s CDiffegtHEEAi^^y 

i^iz^-z>xmmm^mmri>ftib\zu, ie»iii©«^-^ 

^ICJSDT. SAD. DP, WC^C^(Dm:t;mBE^^W 
LT, C s {C»^jiSn-2>«JEEV s $r$!lffll-rnti<tl.i. 

z.(ot^. mmm^mQsi,rA(^^oiz^t)^n^o 

[0 12 3] Q s =C s • V s 
= ( £Oxs -Aoxs/toxs) Vs 

=£OXS 'AOXS 'Eoxs 

CClTe o X s ttRm^, Ao X s (iC s 30 
•5. 

[0 12 4] Ltz-A^-^T. E o X s ^IC^TtSQ s 

■Stronx, Qs. fTit)^. Eo X s €r;'cg< LT. 
[0 12 5] ii*±#ttt)JCMOS h5> 

[0 1 2 6] j*:t3;*^:ij-tr;Kc»MOS h7>>';^^'H« 
i}mtztt^r{s.<rj.^m-^Ai^f^^tziibx$>i>, Mosh 

*e»lKiiTox*itS<«c«S<BT-r -5. Lfc*<^T. L 

e^^ffi*^<. To x*t^<fj:-5t::C)nT'7- K^. 
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fz. m\z^^rzJ:vizmm.i)^T-f)^^ii:i^yh=^-\'UTm 

[0 12 7] iJl±. l»?«bfc*JStSiJfCj;*t«. DRAM 

(omif^^m^nmmzm'Cxumt^z.iit^x^^. u 

43. ttl^bfcJ;5tCDRAMT«ii5*S(-fk$:jii*^fc 
c c i:LT5 VSrffl(/>Tti-5*t. 4m, 1 6Mt' 

T 5 v^^i^m&it^ntzm=¥-\z^m-r^mt.mm.tti 

^ii^m^ni>. L*^b. Vc c*5 VJ:t)Ttf-5<D 
tt, a!*©DRAMi:®S«itt*^&#^TaL-if-Cft 

Tfeia4. EI5^£<i:OJ;3fC$iIffll|5lKtci;t) Vc c 

W *fT& t *iT ^ S . 

[0 12 8] 05 4H±|B(DJ:3;^aigEIK*#^T« 
fig Ufc$ilWlHlgS©-SIS£«»lT-S-5. 

[0 1 2 9] as 4{C43^iT, 5 I 1" tt, 7 H 

• ifuv^ Y'y^ nn.E(r>wiim^\z 

Vc c iOfit^SffV, 'Sr^Sg-r-S^SbCDSilffll^, 5 1 

5 I 3H4iJ;t^5 I 3L«. -t>X7> 
:7'SAWBi6isiKSAD. / S KT)^wmt^tzib<r>U 

F. A-f #-5 N^>->'X^'Q, JttJSgGD, »a 

n — i'O^y^' H^-f/\*^lCVc c iOiS^iV, 
*&-rS^c:Je>OJt8J|gOtMOS h7>-:^X3'M,4i. * 

Sfc«e><Dl!ifpBffflit5«JEI«^|HlSSHOP, #»!^fflii5 
tlBESg^lHlKV s tRZ/T^— ^i^«BEVo<i:5^-;$'^^ 
««SK*:3>hD-;p-r5ffii!ilH!KDRV. DRV J; 

*«figicj;n{f. V, 'JiV, ,h^L<. X. V 
c.^VofcV, ■ SrStCftSSfc*. DRAMrtCDrtg6« 

fl»K®*jfi«»nc J: 0 ^ t 'J -t ;i/T u— s jaiags 1 1) tea 

< *«tC«)f^(DS^ b)i D R AM$r*^-r-5 ^1 iLlAX 

%^^•T?^&S. /i^. H 5 4 ©le^BElHllS F »C0 3 7 . 

0 4 5<^*ifiM^ffltifc<h#tcti;*:roJ;5»cLT-E-cDtS 

7, H4 5»C^Lit)£SffilHl8SF-Ctt. aj:^mJEV,,tt 
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(15)iCCDJ;3tCjg;titrottT-ftS-£.. ^fc, X— >?>^f| 
taOite^f M S— »JC Z <& ( Z > 0 ) -r ^ t tc i OTSSt 

[5I8S F Sr-^ tX#^^*^B*ti|,f^^^ ab -5 i: ^ IC 

[0 13 0] 05 5lC:fetiT«. *ipmffi^*lHlKF© 

^^iHlKFCOSflfiiSg^i:. «fl6m®©PBUCnMOS h7 

OS h7>5'X^'TM2 0 0*-SU«nMOS h^^v* 
X^'TM2 1 0©'^*-h«EE€^^;^.-5C:<tJC<J;0. «qs 

•5. m^\i. 0 5 5 ©i^iSC»iTtt» y— hss^2oocD 

«e:S:Ttf -5 <i: p MO S h 7 >-:?X^M 2 0 0 Office 

j&<T** 0 »«P«flE»^iHiKFtcsKn-&«st*iiiJ!in-r -5. 

y— hSg^2 0 0O«(ilr$±lfSi:pMOS 
>'v'X3'M2 0 0®fifit«*«±*«0*qi«£E^^|5I8SF 

!i{C»Si:#tC«Sg^2 0 0©«&<£-TlfT, 

fc»sa:^{c«jg?2 0 o©mfi:e±tfT^ntf. iftff 
miim\z.\t.wf-2 1 o©«fi:*±jf, #«ii^{c«ss^2 

1 0 wmfii^Ttf ^ ;i t IC J; 0 l^«co^!i^$»-5 Z. Lt^ 
T^-S. 0 5 6 (73|ISgfifiJT-«. nMOS h5>i;X5'^ 
ttfflL'T^i.5fc^6, 05 5cD||ig0il(C*3ttSpMOS h 

5 5, 05 6<DJ;^(C. SJ^iS^mfffSSfelHlKF t<?5 
ratCMOS h7>->'X^'S:JfA-r-5i:. MOSh7>i? 

K{CR3ira^n2>iE5S(73mjE*«Si^-r'5. UA^L. 03 7 

[0131] 054 (Dumu 5 1 • ^mmt UTHif^f 

•5 7 Kl^X/K-y 7 7, — y, i7 DU/^' h*^-f /N'^O 
K»lHFBSi:LT«, 0 9 *»&0 1 7 J;^LfcJ;3;^j:||]^ 
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fifiJtl^t^TV c c SrV, • t b*:t>«)Sfflt»tx«J:t,i. 
X, i^^^^C^£::l;TS7. 08<^Vco.,?:V,'<»:LTt>J; 

7^*5, 07Aie>01 7-ett, T'rJ— y^ti:JCi£5N 
AND|ilKnt<i:roaSaiiIK*«ll&Lfc*i. 0!;^«0 1 l 
TDR I V©S54i-*NANDIC*#AiA€)3&:fLT?Sm 

B i CMOSlHlKi£:fflt»-5il tlCJ:OiS5S<t:<£0-5C:t 
*iT#<5*«, ^O«^IC08, 01 2«fTA'f;l?-5h 
5 > i?;^ ^' Q, , ©WBEdi+iJ-Jb 5 «^ t ttn U ^7 S V 

{iVc ciO«ti^*nsWT-. 3te««SitO;^SC^J-ttV c 

i|HlKit*tt€:^3tJc«:pfcS*, V, ' 
•S). 

CO 1 3 2] ^t, ^1-g6A;b^^A«itgEPJni$n-5T 
-r S i: V, ' OSSg^ilfJiD LTV, ' ^^c^lcSo d tdtg 

[0 13 3] .k\Z. 0 5 7 tCiStiTT^— 3'l8<D^ft«S 

[0 13 4] DRAU-Qia.'f—^nm.^:f^=E^}±LM\tr 

©M o s T 1 1 y o^t^ir /t i^^' T«jE^ $ ^ t u -fe;p 
;fei:0«aj*<ab«>)rofS;5.tijbffi«tc)(£:i;T. pMOSt 

n MO S TJgfiE^tlfeJ: < ftl ?,nfc-tr >X7 >-:^T^^ 

>'^'©gFSC s ©fiittfj:.^. DRAMTttiffiQc^Jt 
:$'ig«JEVi,$^1.gB«JgmEEVc c tfflSfCft^L^cH 

i!if^*«fi-r-5ct35i-c#-5. ^fcmmzmmzms^m 

•yhDRAMT?tt, 1 0 2 4»<D7'— ^j^Sl^^fCieSjll 

0 0~1 0 0 0 p FlCfeaU, ilJgSgitd<P«^^i:;»i-5© 

flip /-fx*eMr*fc«e>(c 5^-5' 

[0 13 5] C:cD0 5 7CD*ig«»J«7'-^^l|ffVci<£: 
WM®«£E^j^lHl«S(Cj;0^fflILTV,' t^L< LTV 
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[0 13 6] KtT*:*ifi09Sr^?^-r«.. f-^tSiCO^m. 
p MO S Sr■&^TJ^J5e$nfc-b >XT >^T$>.5 :7 U 

*b'>K5 7-|HlK«. h5>>7X^T,,. 
T,,*»^fi£^— ao-f >/\'— :J'{Cj:-:?T©J^$n-5). T 
, , *«:t>, T,, *«:t70«^ttT,, i /n) 

n. MOSTO^— MB*w/'n. T,,©y-h*5*W 

[0 13 7] ItfeStt, «ffi3E^I3K©ttj^j«ffiV. • 20 

(fci:A{i4 V) .htb^SffiVo ^itfe-r-SfcOT-^-S. 
V,'>Vo-C«H:ejS®Ul:^«iamff<i:;SD. iSJCV, '< 

[0 13 8] et±©qifi<Dfei:(C»f^*ge?8-r-5. 

[0 13 9] ffi^CDDRAM-t?«, ZfV'^-V—i^mm'P 

m!)^mt)ni>o coai^shs sjc^fei^^TDo. /do 

[0 1 4 0] nMOSTtpMOSTTJ^fiJt^ 

fcftssti, iS«EEfi!i«v, 'STSs^i^n*. nm\tM 

OS h5>>'X^'T,.(Cj;0fft'tl-5. CC:-C«^«CD 
lni-r-5c:,»:icJ;t?TffiI&$ti'5. "TTSitJ-fe. A*/'?;PX 

•rs. ft?Bf«)«flEVottV,'/2*^?.— 3t<0 

MeT±#-r'5Ai. V, '^«A-5tit*!eSg*if^t!;L$(Jffli 

^yL, T,,it:tyhrj:V. y oitm^v,' \zi/^>-/ 

[0 14 1] ftmtCt3l.iTfc<J)AiBni!lO$n-£>t nMOS 
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izmm=^^m-c^^, 

[0 14 2] U±^^tzm5 7<D*JSCSJ{-J;n«5^-^' 
V,i ©jafttt#tt«if □ t LT, *|.gSm®^EEV c c «[ 

rj.v\zjs&x-7'-:$'i^^^n'c^^. ^fd. io^-i& 

m^tii,. ^\z'T-i'U^ttmommimi:'izx-^^ 
[0 14 3] ;*:ic'7-h'i^®Bi!jiiiK©-3lffi0ijicoti 

DRAMir*3(,iTfi. 
^'i^cO«BEJ:Ot5J;-€-2 VSi:ii5<-r -5. 7^— ^i'lSO* 

-7- F^SrV c c <DM5 ve^±IC#ffi-r'5 
^&*«£^S<i:;^cS. V c c eA±{r#ff Snfc Va »c J: 0 
'7-H^<&Ki&-r^I118Si:LTti. ^ 5 9 (OIU 

[0144] sr. 059 ©lHli^CDibf^$:0 6 0 ©SEE 
&lc:fe-5tnMOS 1 1 *®LTF®«fi:ttV,— V 

,,,.<Dmitttt^. •Af^^T^Eiimmmzu^L. 12 

(pMOS) Ai:t>LF<Dm&ttV.ii&S, 
13 (pMOS) 14 (nMOS) iii:t>. A 

< 7 1 5*t:r7, 16 (nMOS) d« 

:t>triK). mtlW\tOVtzU^, fS.^Fi)i^m&V. 
tC±#-r-5^. A. CCDS&ttV.T$.-5(DT?. 11« 
^7 S <DT F *i e C 'vSiSAlgitaj LT F ©Sffid^T 

ffitCTiSt 1 1*<^>L, FfeC^|^i;e«&lc;5:.5. 
c:<©ig;||l 3*i:t>L.. 14. 1 675i;*-7Ly— HG*< 

6 0©jSISfc^-r«l(cc*<fisSfi[V,tc;&-:?T75^e.. E 

ft^tsMmzfji^^-QCDmf's t c E t F ©iismtttt V 

»— V,,,.tCUtfe< tf^-SfDT. 13, 14tcSa 

Lti. ^(Dfcitbizitcfi^isimmzti.^ tmm 
\zEt:mnmzm^A.tni^\,^, j:nicj:o±iBrastt 

[0 14 5] *[HlKlcJ;ntf, li};bt-A*'f 3J?-^ h^> 
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AW Jl^- ^ S ^ # <t 0 G C0Sff?&^^a ^ )S: 
X. MOS h^>>^X:$^TSfigT^fci6iSigyn-tr 

[0 1 4 6] S6 ui, mmv^' ^mmizv c c&.±<d 

{0 1 4 7] me l(DM^\t. DRAM{C:BliT/RA 10 

SnTi^ifcGl, G2. G3, 04(00-^. GltG2 

JK^MOS h'^>>^X^M:,,, M,,* ^ilbTG let 
0G4. G3\zm^7bmn. G3, G 4 CDmft55i^±#'r 

coih^, G2 3&tvc ceii±i;:#£E*nTt.^^<^ 20 

G3. G4cDmfi:^SMOS h^>i/X^M,j,, M 

, , * (DL^\^^m^\zpm^n^ ctu< #jEf ^ ztt^ 

Tr^^o :kiz<l>^sL<t>^,,^^&U^Mz^L'^T\tfX 

:«^^eU^;Ptril^LG 3. G4ti#JE^n^o Z,<Dt 
G2<^ll^ti<i):$*«iSU^;p<h;S:-5^MOS 

z^7.i^Ur,,\tmm\Z:i-y'r^. :i(Dtzi!b<t>t^<D9^ ^ 

m,^t^±^^t^Z.h\tU^K \^tz.i)^^XG3^^. MO 30 

^n^o CldT, MOS h^>i?X^^M„c<^^r— hG 

4^:5 1 \ ' h(Dmz\t.. y^:t-}^^6^mmzmf^ 
T::ct3^^>y$n^c -TTtcfc*. v«<7)S£E \tm^ii£ 

V/S:4V. VbeStO. 8V. Vt,,c*0. SytT 

c(D^^f)^^^::t\z^o. \zm^xv,f)^- 40 

^miEE&.±tU^U^>J:o IZ^^ ZL tf)^X^^(DXm^ 
[0 14 8] DRAM(7:)/RAS(i^7j>^igl/^;U 

htji'::>rch^\z. <i>r,. 0zs^&U^JU\zmV. (f>,.5 
SSMC,,.t::<fcOG5<Dmfi:75^#ffi^n, pMOSh 

^>i^X5^M:,, ^jILTMOS h^>>-'X^^Mtis. M 
M::;, , , CO h c c J^_t t3#£E 

;^tl, zn^CDUOS h^>i^7.i$^\Z^'DXGl. G 50 
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2. G3, G4(ommtYcctuo\ii:^isb<o^m\zi> 

f-So ^£43. CCT. MOS h^>>?X5^M::,t^. M 

cfci^o dot^jcs I 2<DmflEsmacoffi^:-r'5tr«H 

6 3<OJ:'5;a:lHlK*fl|V^Tt>ctl<^o 06 3TVCH'€: 
0 6 l(D^or^^^X^EE\Z^X\(ib I 2{ClJ 
V,£p X ( (R.,, +R.,:) / R.,,) 

\Z^n\ti5 I 2 fCVc c J:Oi9H^^S£E*^^il<t7&^T# 
**SSC»JTJi, /RASS^fCl^^LTDR AMCT) 

(DT^^^wmmiz^&mmz^'oxmij^mm'r^zt^^ 

m^mz^'::)x\:^. '^m^mf)m<':>r^^<ztf}^^^. 
Vbc^«^7&^ m^f)^(oo—C7{z^of&T-r^zt^% 

^^m\ZWt^1rtX{1[^\^K -^<DfcJe)fc:«, 06 1-06 3 

(Dmmmxm-m'p h ^ >>^x ^^c^it-r < vxm 
mmmmti^n^^ < t><7)<&sijic^frtT/R a s 

SL\ZW3i^^itX^^(^\ $>^^^\tm6 4<DJ:oU\mm^ 
fflV^Tt>J:(/n BIT. 06 4(^iHlKO»f^«r06 S^ffl 

>?Xi$^TMz4«. TM,4,. TM24, lC<tOTG,4o. G 

O^MU^MZlL-^±\ff^t^>/^'-i^ I:4i ^ I«4i<^ 

,4«;c>^vc cet±tc#EE$n. G,4o'\m8S;otgitnG,4. 

A-i5^l2 4.. I:4,<^/i3:^tiS>«fiSU^;k iSU^;i^t 
^i:OG,4.7!i^^^»{::#JE^n. Va ^mgit^^cSfn-S. ei± 
cOcfc-pfz* 0*^«Wt::it'^±frf3!L'^Ttf^c:i{-ckO 
V, a)m^tt±#-r-5- Vc e CD±# ^ JCi$^-f :^ - K 
QD^p'-QD, 4s {::<±:"3TGj4«> V6,4i Vo 

— 6 • VBeCOM^^«"::)T±#-r^o MOS h^>vX 
:$^TM,4.cDL#l>mEE*-VT,4. L;t t ^ Vb ^W, ' 

— Vr,4. + 6- Vtt&.±tfj:^t. VcM.«Vi' — 
Vts4 i::^-::>T, TM^^* 75^:<r:7L. D 2 4 7 <Dm&\t 
MOS h^>i^7.^TUi,,\Z^K) OV tU^. ^OB 
^NANDlHlKNA2 4 0 (DttittQ 5 (Dm&\t^U^Ji^ 

tzH^^nwffi&f^ttf^jh'r^. ^(D^. mmms i 2 
«t 0 mihT^mm u\z^ov, (om^fj^T^^ 0 v, • — v 

TI44 + 6 • V,,SlTtU^^inZfUr,,^^:t>LXVu<D 
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[0 14 9] K±cDJ;5tC*llK(CJ:ntf. V, OHfic 
«rVc CckOSSt^V, '— V,.4. + 6 • V.e {C«c>;i <h*« 
T€r-5. V,'S:4V, Vt,,.$-0. 5V, V.eStO. 8 
VtT-Si. V.ttS. 3Vi:;iS. «±<Dd;^tC*|| 

c c J:OSt>— 3e©«JEf-»::3C:td<-e#-5. ;ii5, ^7 
D.,,<Dttl:»jC-:37^j:<rcii:lcJ;0. l/hFEIc±IS« 

BEv, t V, ' <r>misim^(r>m.t.is.^A.'^ »cftje>n«j: 

TB$*^A-5C:i:A«-e#^. MOS h^>-:^X5'Srfflti 

nm^mmit-c^^. z.0)t^. fiMt>A-'r7}?-^ 

SffiV, iV,' i:<??M«> 0- 8 V^#fi:t LfcfflLA^ 

nsro. 8 v«?n<is(n = 1, 2, ei*ncK5e-r-6je5>^ 
ismjE Vp * fct? -> 3 h ^^-y'f H vin«, 

V, = V,'— V,,..+ i Vp 

0. 4 V^^fitL-TV.COfl^K^T^*. 

t>J;^iCi:«t>^5A/TabO. c:cc)«-&fin MO S T.. 
©L/#«JE*Vri..i:LTV.=V,'— V,.,. + i V,., 

tt. SS^SAt 3 B<DBg©«fi:Mtt. 
V,. (l+R./R.) 

}g**pJggT*-5*«. 06 9lC^bfc|g«lfi»l«. nMOS 
^n-^nnMOSM,, , Mj,T:*3€r*^^fe. **i60U 50 
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V.=V,'— V,,.. + V,,,,+nV,, 

-5. *lll®«»C*5liT«nMOS^^'f KMD5 1~ 
MD5 i <£aL.Tc^n-5)«SglinMO SMs, ^rSL-TSt 

mi]m'^&.±tz±^<t^£^smj.\>K ts^\z. *^ 

MOS h5>>'X^'<D^T^fi£$nTVi-S)fcSt>. MOS 

h7>vX^'COi5»-J;0^-&L S I izmm-t^(o{z(ti-m-c 

MOS h7>5?X^'M», , M.,<D^^— h«EE. Y 

-hS, y— •ess I.*5J:C/I,*iRlfacDffit}!i 

1 0 flS»cK3£-rn«. MOS h7>>'7.5'Ms. CDHU-f 

>S«ffic5^liiSr 1 o%Sftt-|qi^s::t*«-e€rVi<&s 

^!7^>yiiIK©ia*!NFtt*i^Jgi:7S:^«^tc«. MOS 

[0 15 0] ±EO«k3tCDRAMfc*ttT^C 
< SRAMlCjg^LTt)#^-Ci&.&. 07Ott. nMO 
S h7>>'X^'tffifttSrffll>T«l^bfcSRAMfi!)>l^r 

:fe J: zfi^&mmmm&w&.^rj. < r c: t 35<t?€ -s » y 

c<Di^. Vc J;D«^$tl^«iiS■r 
^&: ^ ^ ^ 'J -k ;KD^^a8£ »c /h $ < L t) a « 

— ^cDD c mss-eJ6 ^ o-emm Vc , . S:— ^fc«fl[ J; < 

-5. -eoflfiS RAM<?DS3a|5IiS§l;fflti5,KI!(lHl8S. mWl 

7>zfiz-Di.^Th:inm-cm^x^fc^^umm^nfs. 
[0 15 1] $e.ic*^Bj«^^ij£^^(7)isaLsn3*5 

©«i^ai a » tie D Ta>* oig^f t J; -^TfT^ -5 d t 
- su © Kifpif tt * $j » r * © a ><r «g ffli r 5 fe 

afe-2>. Sfc, ^^^C^fig^^tL-TliMOS h5>>'X 
Wfl&O G a A s f®{fc^i^i|£S«i:C0lg^^T«B£ L^c 
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l^8irc?*«i-C#«>Ci:tt-»5*-Cfc^c^i. $e>C, fill 
[0 15 33 

i 1 3 *^§B©S*«:g:**t-*JS«»J**-r0. 

[0 3] ^mm(Dm^mi^^7F:-mm.m^^-tm, 

[0 4] *5SIB(D«*«l:g:S:*-r*Jg09Sr*-r0. 

151 *^§gro»*«lJg:S3^-r*2iSWS:*-r0. 
m 6 ] *^§g<^»S*«E.^.€:^-r*liS0gSr*-r0. 
[0 7] *^HgcD^^W*«gfi»J*S^-r0. 

18] *^?g©:^ite5ll8SCSlS:*-r 0. 
[0 9] *^?l©:R«fWII!80tJ&7Rr0. 

Ill] *^?«OD:Hr#:Mllia«RJSr^-r0. 

112] *5i?Bc)^*^6?j5iiS0ii*^-r0. 

II 33 *58l3«*(^M*tgCT**-r0. 
[014] *^?go5M#:WIMS«ai<£*t-0. 

115] i^^momw&^mmm^Tf^-rm. 

il6] *^?8ro*#:«*iSCaJSr5^-r 0O 

[01 73 *fgi^w*«:w^*s«fl*^-r0. 

1 1 8] *^?gw:gr^w*igc»i€-*-r0. 

119] *%?3t^:R«:MSISS0i|^^-r0. 

[0 2 0] ^mm(D^wmmmm^fTi-tm, 

[02 13 *^igw*ft:a<JSI*£0a*^f 0. 

[0 2 2] ^^m(r>m^m^mm^m-tm, 

[0 2 3] *»ggomfli:«I*iS«^*5^f 0. 

[02 43 *5g?a®A«:WlliS«»l£^T0. 

12 53 *5!?3CDRtt:6«)llifie8«'*-r0. 

12 6] *^?^W:^*t:MII;^C»I^5^-r0. 

12 7] *f§9g<Dm*WSIJS«»J^*-r0. 



[02 8] *lg^<75*«t65l^«S0i|^^1-0. 

[02 9] *fgHgc^M«^WSIJS{«J?&*1-0. 

[0 3 0] *^qqro^<*W3ISS«ai€r^-r0. 

[03 1] *5!?gco**t6<j3ligei|Sr*-r0. 

[03 23 *^K<D:a*|i:e5SIJfifi»IS-*-r0. 

[0 3 3] *^B^<7DS^et)3iis««j$-*-r0o 

[0 3 4] *^l^cDA^*:M3li£«s|^^-r0. 
[0 3 53 *fSigco^«:M*SgC»JS:*-r0. 

[0 3 6] i^%m<omwmmii&m^^-r^. 

10 [03 7] *fl?qcO^ft:M*i6S«8J<&*-r0. 

[0 3 8] ^%m<om^mm:mm^7^-rm. 

[039] *5gl«<^*«:«)^Jfi«a|S5^-r0. 
[04 0] 2^%^O9A4$:»^16^€r^-r0. 

[04 1] ^%m<r>^^m^mmt:^tm. 
[04 2] *^?^ro:S:<*:e5*iiS0y**-r0. 
[04 3] ^ftm<DM.^tf3^mm^7^-tm. 

[04 4] *:%?^©*{^W*ig«»ISr*-r0. 

[04 5] *f6?^O:ir{i^«IlliS«SJ*^-r0. 

[04 6] *fll««A#:W*JS«^€:*-r0. 
20 [04 7] *5!l3«)*fl:»SIJfie9*S^-r0. 

[04 8] *^?^©A^M*jseii<&^t-0. 

[04 9] *^B^cD:^«:e<)*Jg«S|S:^-r 0. 
[0 5 0] *^?^«:H,{*:e53llfieil^*t-0. 

[051] ^ft^<DM,wmm&m^^t^, 

[05 2] *^?^©^^WIIJS^$*t-0. 

[05 3] ^^B^SrDRAMiiit/SRAM'v®^ 

[05 4] *^?«*DRAM*5a:t^SRAM'vjlffl 

*fiS0«lSr5^-r0-ra5-5. 

30 [05 5] 2^?|B^$>DRAM*5<tiy:SRAM'vjgffl 

[05 6] 4:%^%;DRAM^J:^S RAM^jgffi 

3ISS«'!l^5^-r0T^-5. 

[05 7] *^gg$-DRAM*5j;0:SRAM'v.jg^ 
SliSC«l€:^-r0TfeS. 

[05 8] 2^5!?q&DRAM*5J;!:/SRAM'^igffl 

[05 9] 2^^igS:DRAM*3J:yJSRAM'vigffl 

*i®0«<fc*-r0-e*-5. 

40 [06 03 *f!IB<&DRAMtJj:lKSRAM'v®ffl 

*t£fi»j^^-r0T$.^» 

[06 13 *«?gS:DRAM43J;y:S RAM^jgffl 

[06 23 *5!W*DRAM*J<kt/JSRAM'vi3iffl 
*JS0iJ^*-r0Ta5^. 
[06 33 *5l§«^DRAM*5j;Z/SRAM'vaffl 

^Jse9«^*-r0-t?a5«.. 

[06 43 2|Ef!?gS:DRAM*5j;C^SRAM'v.jgffl 

*Si««I«:5^-r0T*5. 
50 [06 5 3 *5l?B*DRAM*3±yJS RAM'viiffl 
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[06 6] *^BJ«:DRAM*5<tZ/SRAM'vigfflLrc 
[06 7] *5SK«:DRAMi3j:tXSRAM^igfflLfc 
[06 8] *%?gS:DRAM;feJ:D^SRAM^®fflLfc 
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[06 9] *%5g<5:DRAM*5ck^S RAM^igfflLfc 

[07 0] *%?g<£:DRAMi3<±:D^S RAM^il^Lfe 
ilSSfi»J 0T* ^ • 

[^^^cDiftH^] 
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